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3.3 Hollow forming 

A method of expanding a preformed part (parison) with compressed air inside a metal mold* 
hollow forming is also called blow molding. Products made using this method include parts 
for automobiles such as gasoline tanks and bottles for products such as liquid detergents, soy 
sauce and otlier types of seasoning, and soft drinks. Figure 3.116 shows some typical 
examples of such products. Figure 3.117 also shows the various classifications of hollow 
forming. Direct blow molding is a method by which a molten parison, which is preformed by 
extrusion forming, is blown and tliis processing metliod is used for bottles in general or 
automobile parts. Known as the hot parison method due to its use of a molten parison, this 
forming method is the most commonly employed type of hollow forming used today. Another 
processing method that is sometimes employed involves blowing a solid parison that has been 
preformed into a test-tube shape by injection forming. This method produces a stretch effect 
in bottle products. Called the cold parison method due to its use of a solid parison, it is 
applied only to bottles. A small forming machine is used for containers with a small capacity 
such as bottles, while a large forming machine equipped with an accumulator (described later) 
is used for large products such as gasoline tanks and automobile parts. 
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#1 : Number of layer in molded product 

#2: Examples of main products 

#3: Extrusion hollow forming (direct blow molding) 

#4: Injection hollow forming (injection blow molding) 

#S: Stretch hollow forming (stretch blow molding) 

#6: Single layer 

#7: Multiple layers 

#8: Small: Containers for eye drops or cosmetics 

Medium: Spoilers for automobiles 

Large: Tanks for agricultural chemicals 

#9: Small: Barrier containers for food 

Medium: Bag-in-box containers 

Large: Gasoline tanks for automobiles 

#10: Small: Lactic acid beverages and yogurt 

#11: Small: PET containers 

PP containers 

#12: Small: PET/EVOH 

Barrier containers 

Figure 3.117 Classifications of hollow forming 
3.3.1 History of hollow forming 

Hollow forming has long been employed in glass bottle processing. Its uses have not been 
limited to only to glass, however. In fact, a patent from 1880 exists that describes the process 



for the hollow forming of celluloid, in which a preformed celluloid is softened by heating 
mside of a metal mold to achieve a hollow form. Celluloid dolls were formed using tliis 
method. It was in the 1930s that modem hollow forming techniques using thermoplastics 
were established. Hollow forming for commercial production began at around the same time 
as the development of the industrial production of PE in the United States in the 1940s. The 
industrial production of PE bottles in Japan did not begin until the 1950s, but with the 
establishment of valve-switching two-head technology in 1955, mass production of PE bottles 
was achieved togetlier with the production of PP bottles. Rotary- type mass production 
machines first made their appearance in 1960. Furthermore, the 1960s saw the launch of PVC 
bottles, which oflFer excellent transparency and barrier properties, used for food products. One 
could almost describe the replacement of the glass bottle as the origin of hollow-molded 
containers, and hollow forming is essentially the history of containers, that is to say, the 
history of bottles. The performance of plastic bottles made by direct blow molding is almost 
directly determined by the performance of the materials used in their production. Stretch 
hollow forming (stretch blow molding) was developed to improve the perfomiance of these 
materials by processing. Initially it was tested using PP, and due to the resultant improvement 
in PET strength, it became the principle method used in the formation of bottles. 
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The forming of medium- and large-sized products was all perforaied by direct blow molding. 
In the 1970s in Japan, 20-liter kerosene containers or chemical containers were produced 
using medium-sized metal molds with a mold clamping force of 20 to 30 tonf. This led to the 
use of forming machines with a mold clamping force of 60 tonf in the production of heat 
collectors for solar hot water systems and hot water reservoir tanks in the late 1970s. In 1983, 
forming machines were enlarged to the point where they could produce a mold clamping 
force of between 100 and 120 tonf, which were used exclusively for the production of 
gasoline tanks for automobiles. The range of products manufactured by forming has since 
grown to include products witli increasingly complicated shapes, such as tanks for agricultural 
chemicals, oil drums, surfboards, and water tanks. 

3,3.2 Present state of small-sized hollow forming technique and problems faced 
(1) Extrusion hollow forming (direct blow molding) 

Extrusion hollow forming is used for foraiing with PE, PP, PVC, PC, or PS. As shown in 
Figure 3.118, the forming process starts with the extrusion of pipe-shaped molten resin 
(parison) from the die, followed by the clamping of the molten parison between the metal 



molds. Compressed air is then blown inside tlie mold with either or both ends of the molten 
parison fused. In order to prevent draw down, a phenomenon in which the width of the 
parison narrows as it stretches under its own weight while suispended, materials with high 
melt tension are used. The compressed air has a relatively low pressure of 0.5 to 1 MPa. 
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3.6 Secondary forming 
3.6,1 Thermoforming 

Thermoforming is a method in which a sheet resin or film material is softened through 
heating and then shaped by the exertion of some kind of external force. The following is a list 
of thermoforming methods classified according to the type of external force applied. 
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(1) Non-pressure fomiing: the sheet's own weight or a centrifiigal force is used 
Gravitation forming: 0 to 1 G 

Free draw forming: 0 to 1 G 
Rotational forming: 1 G or more 

(2) Gas pressure foraiing: atmospheric pressure, compressed air pressure, or vacuum pressure 
is used 

Vacuum forming: up to 0.1 MPa 
Pressure forming; 0.1 to 0,7 MPa 

(3) Hydraulic forming: hydraulic pressure (water or liquid) is exerted via diaphragm 
Water pressure forming: 0.1 to 0.3 MPa 

Oil pressure forming: 0.1 to 0.5 MPa 

(4) Mechanical fomiing: tlie pressurizing force is increased and a mechanical external force is 
used 



Matched mold fonning: 0.1 to 5 MPa 



Ridge fonning: up to 0.3 MPa 
Bending 

It is no exaggeration to say that these fonning methods began to flower with the processing of 
celluloid sheets, the manufecturing of which started in the late 19th century. In the beginning, 
celluloid was the sole synthetic resin sheet material with ductility, and most attempts to 
process it were made by first heating it in hot water, in steam, or between hot plates to soften 
it and then using matched mold forming or ridge forming to mechanically form it. However, 
as the use of celluloid spread — ^mainly in the production of daily necessities and toys — a 
variety of new fonning methods were applied. These methods included vacuum fonning widi 
atmospheric pressure or pressure forming with compressed air pressure, which have since 
been applied to other types of thermoplastic resin sheets, as well. Mechanical fonning was 
tried at first, but nowadays gas pressure forming is the most commonly used type of 
thermoforming* Consequently, this section will focus mainly on describing two forms of gas 
pressure fonning: vacuum fonning and pressure fonning. 

(1) Characteristics of thermoforming and comparison with other forming methods 

As shown in Figure 3.164, the forming process typically employed in vacuum fonning and 
pressure forming consists of the following stages: 1) sheet clamping, 2) heating, 3) fonning, 
4) cooling, and 5) trimming. 

Here, the heating of the sheet is kept within a temperature range from no lower tlian the glass 
transition temperature, where the material becomes semi-molten with a rubbery elasticity, to 
the melting point, as indicated in Figure 3.165. Tlie selection of the appropriate heating 
condition is also dependent on the resin type; for example, crystal resins such as HDPE or PP 
need to be heated to around their melting point. 
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In other words, thermoforming is a secondary forming method characterized by tlie softening 
of a sheet that has cooled and solidified by reheating it and then processing it while it is semi- 
molten. Compared to primary forming methods, in which the resin is melted by heating it to 
above its melting point from the start and then poured and shaped inside a metal mold, this 
method may seem inefQcient at first glance. Depending on the form and degree of accuracy 
required for a product (its dimensional accuracy and appearance), the quantity of production, 



and its purpose, however, it is possible to apply botli approaches as this method does have 
some advantages, as shown in Table 3.23. 

Thin-wall products can be easily formed by themioforming since the resin is able to hold its 
sheet shape. In addition, tlie costs related to the mold's structure and strength can be reduced 
because only a low forming pressure is required. This manufacturing method offers sufBcient 
balance between energy efficiency in production and economic factors. 

As a result, thermoforming has been applied to the mass production of thin-wall products, 
which is difGcult to achieve by injection forming, such as food packaging containers or blister 
packages, which are indispensable for merchandise distribution. It has also been applied to the 
production of a wide variety of products in small quantities, such as large thin-wall products 
or hollow products (Figure 3J66), A thermoforming method used in conjunction with a sheet 
extruding machine is employed for the manufacturing of large industrial parts requiring 
higher production efficiency, such as door-liners and inner boxes for refrigerators or 
interior/exterior goods for automobiles. Thermoforming has developed to become the general- 
purpose forming method for thermoplastic resins. 
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